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Tra jec to ry  r econs t ruc t ion  r e s u l t s  f o r  t h e  f i rs t  Discovery f l i g h t  
a r e  presented .  Spacec ra f t  dynamic measurements from IMU2 were u t i l i z e d  
i n  conjunct ion  with t h e  ground based t r a c k i n g  d a t a  from two S-band s ta -  
t i o n s ,  e igh t  C-band, and f i v e  cameras a t  Edwards A i r  Force Base t o  
determine t h e  s p a c e c r a f t  t r a j e c t o r y  from epoch through r o l l o u t  on 
Runway 1 7 .  S p e c i f i c s  as t o  t h e  t r a j e c t o r y  r e c o n s t r u c t i o n  are d i scussed  
i n  Sec t ion  I here in .  The f i n a l  i n e r t i a l  p r o f i l e  i s  BT14N02/UN=169750N. 
Merging of t h i s  f i l e  with t h e  f i n a l  LAIRS atmosphere i s  d i scussed  i n  
Sec t ion  11. The f i n a l  Extended BET i s  ST14BET/UN=274885C. Sec t ion  I11 
p r e s e n t s  p l o t s  of relevant parameters  from t h e  AEROBET as wel l  as aero-  
dynamic performance comparison r e s u l t s .  High frequency f i l e s  f o r  man- 
euver  e x t r a c t i o n  were a l s o  genera ted  as d i scussed  i n  Sec t ion  I V .  
The fo l lowing  t a b l e  i s  presented  as summary informat ion  f o r  STS-14 
(41-D): 
h m s  (Epoch: 9/5/84 1 2  59 0 (46740”) GMT,ho = 669 k f t )  
Event 
Entry i n t e r f a c e  
I n i t i a l  f l i g h t  e x t r a c t i o n  







M 1  
Main gear deployment 
Weight on wheels 
Weight on nose 
S top  time 




























2 . 1  
2 . 1  
Appendices a r e  a t t ached  which c o n t a i n  (A) s p a c e c r a f t  and phys ica l  
parameters u t i l i z e d ,  (B)  f i n a l  r e s i d u a l s  ob ta ined  from t h e  d a t a  f i t t i n g  
p rocess ,  (C) l i s t i n g  o f  t r a j e c t o r y  parameters ,  and (D) a r c h i v a l  in format ion .  
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I .  Entry T r a j e c t o r y  Reconstruct ion 
I .  a. Dvnamic d a t a  
IMU2 was s e l e c t e d  a s  t h e  dynamic d a t a  source  f o r  t h e  STS-14 
e n t r y  r econs t ruc t ion .  Figure 1-1 shows t h e  dynamic d a t a  time h i s t o r y  
over  f i v e  hundred(500) second i n t e r v a l s  s t a r t i n g  a t  0 seconds (-669 k f t ) .  
Body axes rates and a c c e l e r a t i o n s  der ived  from t h e  IMU2 measured AV 
and qua te rn ions  are p l o t t e d .  
M5 0 
I n  terms of  t h e  to ta l  sensed AV magnitude, t h e  t r i - r edundan t  
IMUs agreed very well. I M U l  and I M U 2  agreed t o  w i t h i n  0.44 f p s  while  
IMU3 was wi th in  0.32 f p s  o f t h e  o t h e r  two. Mid-value s e l e c t i o n  (percen- 
t a g e  o f  occur rences)  f o r  t he  va r ious  u n i t s  are shown i n  t h e  fol lowing 
two t a b l e s :  
Accelerometer Comparisons Based on 2415 Po in t s  
Percentage mid-value measurement 
IMUl IM112 IMU3 
AV 7 29 64 
AV 28 7 65 




Gvro ComDarisons Based on 2420 Po in t s  
Percentage mid-value measurement 
IMUl I M U 2  IMU3 
Euler  IJJ 15 
Euler  8 29 
Euler  @ 0 
To ta l  ang le , r  28 
To ta l  angular  31 
r a t e ,  I' 
81  4 




No c l e a r  choice  i s  evidenced by t h e s e  r e s u l t s .  A r b i t r a r i l y ,  
IMU2 was s e l e c t e d .  
Opera t iona l  Ins t rumenta t ion  (01) recorded d a t a .  
No d a t a  gaps of  over  4 seconds were d e t e c t e d  i n  t h e  
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1.b.  Tracking coverage 
Tracking d a t a  f o r  STS-14 were ob ta ined  from two(2) S-band 
r a d a r s  (Guam, Goldstone),  e i g h t  (8) C-band r a d a r s ,  and f i v e ( 5 )  cine- 
: t h e o d o l i t e  cameras i n  t h e  v i c i n i t y  o f  Runway 17 a t  Edwards. Unfor- 
* I )  
., t u n a t e l y ,  due t o  a mixup, t h e  GSFC t r a c k i n g  t a p e  con ta ined  no high 
,: ra te  (lO/sec) d a t a  from Guam. Since t h e  recorded h igh  ra te  d a t a  a r e  
* .only kept  by t h e  s t a t i o n  f o r  approximately one week, a follow-up re- 
Guest f o r  t hese  d a t a  could no t  be s a t i s f i e d .  
(.l/lO s e c )  range and ang le  d a t a  obtained v i a  t h e  JSC were u t i l i z e d  
* ,  
> 
. .  
There fo re ,  low r a t e  
* )  
. f o r  t r a j e c t o r y  r e c o n s t r u c t i o n .  Low r a t e  Guam Doppler d a t a  were no t  I 
. '. processed because o f  t h e  in s t an taneous  formulat ion f o r  Doppler obser-  
> *  
: c a t i o n s  i n  ENTREE. 
. p r o c e s s  were: (1) C-band pass  from Hawaii (KPTC) because o f  s p a r s e ,  
Other t r a c k i n g  d a t a  excluded from t h e  r e c o n s t r u c t i o n  
; 'low e l e v a t i o n  (-4" Max) coverage; (2) Noisy range and azimuth d a t a  
throughout t h e  f i r s t  h a l f  o f  t h e  pas s  from Edwards (EAFC). 
. 
Figures  1 - 2  and 1-3 i l l u s t r a t e  t h e  t r a c k i n g  coverages f o r  
STS-14. Figure 1 - 2  shows t h e  e n t i r e  e n t r y  ground t r a c k  with s t a t i o n s  
(complexes) as noted. Times and corresponding a l t i t u d e s  a t  500 i n c r e -  
ments along t h e  t r a c k  are given.  Figures  I -3a ,  1-3b, and I-3c show t h e  
d e t a i l e d  t r ack ing  coveragc from e n t r y  t o  C a l i f o r n i a  C-band a c q u i s i t i o n ,  
C a l i f o r n i a  C-band a c q u i s i t i o n  t o  f i n a l  approach, and f i n a l  approach t o  
landing,  r e s p e c t i v e l y .  Times ,  a l t i t u d e s  and s t a t i o n  coverages with 
r e s p e c t  t o  t h e  ground t r a c k  are as shown. 
t h e  STS-14 t r a c k e r s  a r e  given i n  Table I .  
S 
Acronyms and l o c a t i o n s  f o r  
I . c .  Reconstruct ion r e s u l t s  
The f i n a l  BET s o l u t i o n  f o r  STS-14, BT14N02, i s  p resen ted  i n  
. Table 11. For comparison, t h e  i n i t i a l  e s t i m a t e  from t h e  onboard navi-  
g a t i o n  system, t h e  JSC/TRW e s t i m a t e  and a s t a t e - o n l y  ENTREE e s t i m a t e  
are a l s o  given. Comparison o f  t h e  two ENTREE estimates shows t h a t  a 
s i g n i f i c a n t  improvement i n  t h e  f i t  t o  t h e  t r a c k i n g  d a t a  i s  achieved 
by cxtcnding t h c  s o l u t i o n  set  t o  inc ludc  accelerometer  scale f a c t o r s .  
'The cstimatrts f o r  s c a l c  f a c t o r  c o r r c c t i o n s  (c5, +107, +18 ppm i n  X ,  Y ,  
Z ,  r c s p e c t i v c l y )  arc c o n s i s t e n t  with t h e  la performance s p e c i f i c a t i o n  
l e v e l s  o f  100 ppm i n  each channel.  'Thcre i s  very good agreement between 
- 2 -  
t h e  JSC/TRW and BT14N02 s o l u t i o n s  both a t  epoch and throughout  t h e  
e n t r y  t r a j e c t o r y .  The weighted f i t  s t a t i s t i c s  f o r  BT14N02, based 
on 5783 obse rva t ions ,  are pw = -0.118 and ow = 1.344. 
t h e  r e s i d u a l s ,  by s t a t i o n  and d a t a  type, i s  g iven  i n  Table  111. P l o t s  
o f  t h e  f i n a l  r e s i d u a l s  are given as Appendix B. 
are inc luded  i n  t h i s  s ec t ion .  
i ng  on t h e  composite p l o t s  is g iven  as Figure 1 -4 .  
azimuth and e l e v a t i o n  r e s i d u a l s  are shown as Figures  1-5, 1-6,  and 1-7, 
r e s p e c t i v e l y .  
A summary o f  
Composite r e s i d u a l s  
The symbol key f o r  t h e  s t a t i o n s  appear- 
Composite range,  
Comparisons o f  the  f i n a l  BET p o s i t i o n  and v e l o c i t y  a f t e r  
r o l l o u t  on Runway 1 7  ve r sus  post- landed survey va lues  are g iven  below: 
END CONDITIONS AT VEHICLE STOP (Runway #17 Coordinates)  
Survey BT14NO 2 
x, f t  +12793 +12848 
Y ,  f t  +66 +6 1 
h-h f t  +16 +7 . RW’ x, f p s  0 +o. 05 
v ,  f p s  0 
h ,  f p s  0 
-0 .05 
-0.13 
Figure 1-8 presen t s  p l o t s  o f  t h e  BET dur ing  r o l l o u t  on 
Runway 1 7 .  Surveyed va lues  a r e  dep ic t ed  thereon .  Vehic le  s t o p  occurs  
2399’ a f te r  epoch. 
-3- 
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Figure 1-1. STS-14 Dynamic data , IMU 2 
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Figure 1-1. (con*d) 
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(b) C a l i f o r n i a  C-band a c q u i s i t i o n  t o  f i n a l  approach. -13- 
Figure 1-3 .  Detai led t r a c k i n g  coverage f o r  STS-14. 
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11. Extended BET 
This section presents comparisons of the available atmospheric 
source data which can be utilized with the inertial BET (BT14N02) for 
Extended BET development. 
"best" atmosphere for the necessary air relative computations. 
the uppermost altitudes the selection process is somewhat arbitrary 
and involves comparisons of the two remote sources (LAIRS and NOAA 
(when available)) as well as the Air Force 1978 Reference Atmosphere 
Model. More recently, the Marshall Global Reference Atmosphere Model 
(GRAM) has also been incorporated. 
the usual source of data is the LAIRS files which are developed by J. Mac 
Price of the Aerothermodynamics Branch. The available file for this 
fJ ight is ST14MEI'/712662N. The equivalent NOAA "totem-pole" data were 
extracted from the JSC/TRW BET. Density (normalized to the 1976 Standard) 
and temperature comparisons based on these two remote sources as well as 
the previously mentioned models are shown as Figures 11-1 and 11-2, 
respectively. 
by the shading thereon. 
the measured normal accclcration and the predicted normal force coef- 
ficient, C N ~ .  
(STS-8), that the GRAM model is too dense above h-240 kft. Other than 
this obvious disparity, the other three sources would appear plausible. 
For the purposes herein, the LAIRS data were adopted. Figures 11-3, 4, 
and 5 show the actual LAIRS temperature, pressure, and density profiles. 
These comparisons permit selection of a 
Over 
For the purposes of the LaRC analysis, 
Differences between the two remote sources are exemplified 
Also shown are the derived quantities based on 
It is noted, as was the case for the other September entry 
LAIRS atmospheric wind components are presented versus altitude as 
Figure 11-6. Above Mach 1 (h-50 kft) there exists virtually no mechanism 
to evaluate these winds. However, during subsonic flight alternate mea- 
surements are available. Figure 11-7 shows jimsphere balloon measurements 
from three balloons spaced approximately 2h apart. Figure 11-8 shows data 
from two of these balloons with LAIRS data and two estimates. The two 
cstimntes arc batch and deterministic filtering results using the Rockwell 
post-flight air data information dcrived using in situ pressure measure- 
ments from the Orbiter side probes. No real discrepancies are noted, at 
least in view of the accuracies of each source, and thus the LAIRS winds 
were adopted. The final figure, 11-9, shows actual differences between 
the computed and measured value of the important air relative parameters; 
-20- 
I 
angle-of-attack, side-slip angle, and true air speed. These differ- 





Figure 11-1. Upper atmosphere density comparisons for STS-14 (41D). 
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Figure 11-2. Upper atmosphere temperature comparisons for STS-14 (41D). 
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Figure 11-4. Final STS-14 (41D) atmospheric pressure profile. 
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Figure 11-6. Final STS-14 (41D) atmospheric wind profile. 
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111. Aerodynamic BET Discussion and Resu l t s  
An AEROBET f i l e  was crea ted  based on t h e  p rev ious ly  d iscussed  
Extended BET, ST14BET, u t i l i z i n g  t h e  Operat ional  Ins t rumenta t ion  re- 
corded conf igu ra t ion  information as well as t h e  f i n a l  s p a c e c r a f t  mass 
p r o p e r t i e s  of  Appendix A. Primary and back-up (dup l i ca t e )  reels are 
NB1248 and NC0601, r e spec t ive ly .  This  s e c t i o n  p r e s e n t s  p l o t s  o f  some 
of t h e  r e l e v a n t  parameters  from t h e  AEROBET, t o  i nc lude  aerodynamic 
performance comparisons. P lo t s  ve r sus  Mach No. are presented  as semi- 
log p l o t s  and t h e  shaded bands thereon  are based on t h e  prev ious  eleven 
f 1 i g h t s .  
A l t i t u d e  versus  time is presented  as Figure 111-1. A l t i t u d e  ra te ,  
dynamic p res su re ,  and Mach No. are presented  ve r sus  both time and a l t i -  
tude  as Figures  111-2 through 111-4, r e spec t ive ly .  im and Reynolds No. 
are p l o t t e d  versus  a l t i t u d e  i n  Figures  111-5 and 111-6. A i r  r e l a t i v e  
a t t i t u d e  angles  ve r sus  Mach and a l t i t u d e  are next  presented .  
shading on Figure 111-7 shows t h e  range of  as encountered on t h e  pre-  
v ious  f 1 i g h t s  . 
The 
4 
Spacecraf t  dynamic measurements, i .e . ,  body a x i s  components der -  
ived from I M U 2 ,  are p l o t t e d  ve r sus  Mach No. i n  Figure 111-9. Control 
s u r f a c e  d e f l e c t i o n s  (vs. Mach and a l t i t u d e )  and RCS f i r i n g s  vs .  Mach 
complete t h e  conf igu ra t ion  p l o t s ,  v i z ,  F igures  111-10, 11, and 1 2 .  
Again, t h e  p l o t s  o f  con t ro l  d e f l e c t i o n s  versus  Mach (Figure 111-10) show 
t h e  range of  c o n t r o l l e r  conf igura t ions  flown previous ly .  Some addi- 
t i o n a l  d a t a  base eva lua t ion  o p p o r t u n i t i e s  can be seen,  e .g . ,  more 
upward (negat ive)  elevon d e f l e c t i o n s  i n  t h e  hypersonic  regime; more 
downward ( p o s i t i v e )  body f l ap  f o r  1<M<3, and speed-brake d e f l e c t i o n s  
above Mach 3 .  
Performance comparisons, Figures  111-13 through 111-15, show t h a t  
Discovery is, as expected,  aerodynamically similar t o  h e r  two s is ter  
s h i p s .  Presented as Figures 111-13 and 111-14 are  f o r c e  ( C L ~  CD, CN,  
CA), moment (Cdand performance (L/D) comparisons. These d a t a  a r e  with 
r e s p e c t  t o  t h e  65 percen t  re ference  c.g.  commensurate with t h e  O r b i t e r  
d a t a  base.  The shaded region r e p r e s e n t s  ( s t a t i s t i c a l l y )  t h e  f i rs t  
e leven  f l i g h t  r e s u l t s .  These ensemble r e s u l t s  r e f l ec t  a ? lo  band 




except for rather narrow regions, with Discovery results. The final 
figure presented herein shows Cm comparisons at the flight c.g., to 
include flight, predicts, and expected variations. The hypersonic 
offset of -0.028 due to real gas effects is suggested, which, for the 
most part, can be discounted by evoking ffknownff updates to the data 
base, i.e., the so-called Flight Assessment Deltas developed by pro- 
ject aerodynamicists. 
* 
Note boundary layer transition occurrence at the rather high 
- 3 2 -  Mach No. (.-16), most visiblc in ACA, hL/D plots. 
























Figure In-2. STS-14 descent rate versus time and altitude (h = - 




Figure 111-4. STS-14 Mach number versus  time and altitude 
-36- 
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b a r ,  
Figure 111-5. STS-14 Vbar versus altitude 
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Figure 111-7. STS-14 a, @ and u vs. Mach 
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Figure III-9. STS-14 dynamic data vs. Mach 
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Figure 111-10. STS-14 control surfaces vs. Mach -43- 
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Figure 111-12. STS-14 RCS firings vs. Mach 
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Figure LII-13. STS-14 flight/data base differences vs. Mach -46- 










Figure III-14. STS-14 flightldata base differences vs. Mach -47- 
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Figure III-15. STS-14 C, comparisons vs. Mach 
(at t h e  f l i g h t  c.g.) 
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iV. MMLE Input F i le  Generation (GTFILEs) 
MMLE input  f i l es  were generated f o r  STS-14 maneuver ana lyses .  
Maneuver a c t i v i t y  during t h i s  f l i g h t  is  summarized as Table  I V  he re in .  
GTFILEs  were generated using t h e  IMU2 d a t a  as w e l l  as t h e  R G A l / A A l  
da t a .  
Files c r e a t e d  arc on ninc- t rack reels NW0766 (based on IMU2)  and 
N R O l O l  ( rep lac ing  IMU2 measurements with t h e  merged, r e c t i f i e d ,  R G A l / A A l  
d a t a ) .  The ex ten t  of b i a s  removal f o r  r e c t i f i c a t i o n  of  t h e s e  l a t t e r  
d a t a  i s  shown as Figures  I V - 1 .  Here, 100 second sub- in t e rva l  b i a s e s  
( r e l a t i v e  t o  t h e  more accurate  I M U 2  d a t a )  were computed. 
s ta r t  a t  t = 480 scconds from epoch (h"400 k f t ) ,  i . e . ,  well above appre- 
c i a b l e  s i g n a l  i n  t h e  accelerometry.  Annotated on each sub-f igure  are 
t h e  ensemble mean (p ) over t h e  e n t i r e  time span as well as an e s t i -  
mate i n  t h e  v a r i a t i o n  ( la) of t h e  mean d i f f e r e n c e  over  t h e  arc. 
ACIP d a t a  arc not  a v a i l a b l c  on any of  t h e  Discovery f l i g h t s .  





































































PTI# DURATION START TIME TIME FROM EPOCH STOP TIME 























13: 20: 36.0 
13:24:42.0 
13 : 26: 28.0 

























Table IV Aerodynamic extraction 
maneuvers f o r  STS-14. 
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Figure IV- 1. Dynamic data comparisons f o r  STS-14. -51- 
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Figure IV-1. (Concluded). 
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APPENDIX A 
Spacecraft and Physical Constants 
-53- 
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TABLE A-1  
STS-14 IMU Attitude Matrices @ Epoch. 
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TABLE A - 1  (Concluded). 
-56- 
P 1 ane t Parameters 
Physical  Model 
Po la r  Radius: 
Equa to r i a l  Radius: 
Ro ta t iona l  Rate: 
Gravi ty  Model 
Cent ra l  mass, p: 
Runway 17 Location: 
20,855,591.48 f t  








A1  t i t u d e  : 
Geodetic La t i tude :  
Longitude: 
Azimuth: 




Location of  I M U  r e l a t ive  t o  cen te r -o f -g rav i ty  i n  Body coord ina tes  
(6-point  t a b l e  used f o r  e n t r y  r e c o n s t r u c t i o n )  
TIME, sec XB, f t  YB, f t  Z B i  f t  
0 56.1928 0.0250 -4.0417 
480 56.1928 0.0250 -4.0417 
1915 55.9761 0.0250 -4.1167 
2314 55.9761 0.0250 -4.1167 
2314.01 56.1094 0.0250 -4.3417 
3000 56.1094 0.0250 -4.3417 




2690 f t 2  
78.057 f t  
39.567 f t  
Average A t t i t u d e  ComDutations @ EDoch 146740 secl 
P 0 - IMU3 -IMU2 -IMU 1 - 
J, (deg) 57.3026 57.3329 57.4265 57.3540 0.0646 
0 (deg) 29.9140 30.0078 29.9902 29.9707 0.0499 
+(Clcg) -2.2145 - 2.2793 -2.2834 -2.2591 0.0386 
TABLE A- 2 
P l a n e t  and Spacecraf t  Data Used f o r  
BT14N02, ST14BET, and AEROBET Generat ion -57- 
EY ENT -
E1 
M 3  
Landing 
EVENT 
E 1  
M3 
Landing 
Weight and Center-of-Gravity (c.g.) Location 
ZCG -YCG -TIME WEIGHT X C G  - - 




I xx - 
203530.5 1093.5 -0.3 
202466.5 1090.9 -0.3 
202336.5 1092.5 -0.3 
Moments and Products o f  I n e r t i a  




IY z - 
89593 1.5 6738859.2 7024474.3 13829.3 181084.5 -2078.6 
887861.6 6679180.0 6968767.1 14375.9 163649.0 -1920.3 
9 17348.1 6700003.2 6964771.4 14469.1 157153.9 -1961.3 
NOTES 
E1 values  assumed a t  epoch 
Mach 3 values  h e l d  cons tan t  u n t i l  gear  deploy (t=2314),  
larided values  adopted t h e r e a f t e r  
1ABLE A - 3  
STS-14 mass p r o p e r t i e s .  -58- 
APPENDIX B 
F ina l  r e s i d u a l s  f o r  STS-14 t r a j e c t o r y  r e c o n s t r u c t i o n  
-59- 
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APPENDIX C 
Listing of ST14BET air relative parameters 
@ 2.0 sec 
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D . l  STS-14 OutDut Products  
(a) FILES 
NAME USER CATALOG DESCRIPTION 
BT14N02 169750N F ina l  r econs t ruc t ed  t r a j e c t o r y  
(40 word format p e r  AMA 81-1) 
ST14BET 274885C Final extended BET 
(66 word format p e r  AMA 81-11) 
NAVB41D 389102C STS-14 onboard nav BET 
(66 word format) 
ST1 4MET 712662N F ina l  LAIRS f i l e  
TRWS41D 274885C Reformatted JSC/TRW BET 
(66 word format)  
IMRGAl4 274885C Signal  d i f f e r e n c e  f i l e  
-
(IMU2 - RGAl/AAl) 
(bl  TAPES 
REEL NO. DESCRIPTION 
NB1248 STS-14 AEROBET (201 words pe r  AMA 82-9) 
NC0601 Dupl ica te  of  above 
NW0766 








25 Hz IMU2 GTFILE (62 words p e r  AMA 81-20) 
25 Hz R G A l / A A l  GTFILE (62 words p e r  AMA 81-20) 
25 Hz R G A l / A A l  f o r  N R O l O l  
25 Hz b i a s  r e c t i f i e d  R G A l / A A l  f i l e  f o r  GTFILE 
gene ra t ion  
F ina l  STS-14 r e s i d u a l s  f o r  BT14N02 
Edited t r a c k i n g  t ape  
1 flz 01-2 f o r  AEROBET 
20 Hz IMU2 f i l e  i n  body axes f o r  ST14BET, 
AEROBET, and GTFILE ( c a l i b r a t e d  p e r  BT14N02 
s o l u t i o n )  
Dynamic d a t a  ( inpu t  f o r  t r a j e c t o r y  r e c o n s t r u c t i o n ) -  
20 Hz IMU2 d a t a  i n  p la t form coord ina te s  (second 
CDC record)  
-118- 
D.2 Source Tapes Received v i a  NASA LaRC 
(a) T/M TAPES 
REEL NO. DESCRIPTION 
NA0930 01-1 
NB1202/NC0110 01-2 
NA1015 01-3 (source f o r  RGAl /AAl  da t a )  
NA1004 01-4 
NU1207/NU1277 01-1 from CBETlF 
(b) TRACKING TAPES 
REEL NO. DESCRIPTION 
NU0927 JSC/TRW tracking d a t a  
NT0571 
JH4 1 D4 AFFTC theodo l i t e  d a t a  
Goddard Space F l igh t  Center d a t a  
(c) OTHER 
REEL NO. DESCRIPTION 
NB0833 JSC/TRW Descent BET 
JH41D1 
JH41D2 Jimsphere da t a  (balloon 2; landing + 30 minutes; 
JH4 1 D3 Jimsphere da t a  (balloon 2; landing + 30 minutes; 
Jimsphere da t a  (balloon 1; landing - 1; hours) 
o p t i c a l  t rack)  
radar  t rack)  
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